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Abstract 

The diversity of agricultural genetic resources is decreasing over the years and sites 
across the world. With the objectives of determining the drivers and their impact on 
agrobiodiversity particularly in Nepal, different methods e.g., focus group discussion, 
transact walk, key informant survey, and literature survey were used. Among the 16 
broad categories of drivers, the most 5 important drivers in terms of negative impact on 
agrobiodiversity were the: 1) advancements and innovations in science and technology, 
2) changes in land and water use and management, 3) alternative business and 
information flow, 4) population growth and urbanization, and 5) markets and trade. 
The most important specific driver is exotic varieties and breeds among 90 specific 
drivers. The earthquake of 2015 was a major disaster having damaged much local 
agricultural diversity in more than 14 districts of Nepal. Expansion of area for 
agricultural production, the establishment of a new settlement and various types of 
developmental activities have caused a loss of many wild relatives of agricultural species 
and wild edible species. Threat to crop diversity is high in rice, banana, cucumber, and 
tomato due to replacement of old cultivars by modern varieties. Threat to rice bean, 
horse bean, and foxtail millet is due to low priority given by growers and consumers. 
Invasive alien species like Parthenium, Eupatorium spp. and Lantana camara have had a 
significant effect on diversity and ecosystem services. The least affected agrobiodiversity 
components are microbial genetic resources. The important drivers e.g., exotic 
genotypes, external inputs, monogenotype-based monoculture policy and climate 
changes, should be given due attention to control and manage for better management of 
agrobiodiversity. 
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1. Introduction 


Estimate of the total species in the world is 8.7 million (BBC, 2011). 
Among them, about 30% species are agriculture-related. However, only 12 plant 
and 5 animal species provide 75% of the world’s food (FAO, 1999). Out of 
50,000 edible plants from the 320,000 plant species, only 150 to 200 are used 
by humans. Only 3 plants - rice, maize, and wheat - contribute nearly 60% of 
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calories and proteins obtained by humans from plants. Animals provide some 
30% of human requirements for food and agriculture, and 12% of the world’s 
population lives entirely on products from ruminants (FAO, 1999). Thus, 
agrobiodiversity is the most important sector of biodiversity fulfilling needs of 
human welfare and environmental security. In general, agrobiodiversity is 
divided into 6 components namely crop, forage, livestock, agro-insect, agro- 
microbial, and aquatic agri-genetic resources (Joshi et a/, 2019, 2020). Each 
component is further divided into 4 sub-components and they are 
domesticated/cultivated, semi-domesticated, wild relatives, and wild edible 
species. There are about 6,618 species related to agriculture in Nepal (Joshi et 
al., 2008, 2017a, 2017b, 2020; Joshi, Ghimire and Singh, 2018; MoFSC, 2014). 
Diversity is being maintained at ecosystem, species, varietal/ breed/ strain, 
genotypic and allelic levels. Three agroecozones i.e., mountain, temperate and 
tropical agricultural zones along with 18 agroecosystems, are the major factors 
for creating and maintaining diversity in Nepal. This diversity has been 
conserved and promoted through different conservation initiatives (Joshi et a/, 
2008; 2017a). However, this life-sustaining native agrobiodiversity pool is under 
threat of loss owing to different factors and reasons. 

FAO (2019) has estimated the loss of 75% of plant genetic diversity is 
attributed to the farmers worldwide who have replaced their local varieties and 
landraces by genetically-uniform and high-yielding varieties. Similarly, 30% of 
livestock breeds are at risk of extinction, meaning that 6 breeds are lost each 
month. In Nepal, the estimated loss in different components of agricultural 
biodiversity is 50% in crop genetic resources, 40% in forage genetic resources, 
40% in livestock genetic resources, 30% in aquatic genetic resources, 20% in 
insect genetic resources, and 20% in microbial genetic resources (Joshi et a/, 
2020). Such loss is higher at the genotypic level. 

Agrobiodiversity is under threat due to the use of high-yielding varieties, 
destruction of natural habitat, overgrazing, land fragmentation, 
commercialization of agriculture, indiscriminate use of pesticides, population 
growth and urbanization, and changes in farmers’ priorities (Joshi et a/., 2017b; 
MoFSC, 2000). The most important drivers affecting the extent and distribution 
of agricultural biodiversity have been the commercialization of agriculture, weak 
policy and regulatory framework and climate change, population growth, and 
technological advancements (Ghale, 1999; Shrestha and Shrestha, 1999; Upreti 
and Upreti, 2002). There have been rapid changes and losses in genetic diversity 
because of the cumulative effects of various factors, which are also termed as 
“drivers of change” (Chaudhary et a/, 2006; Sthapit et a/, 2012). To manage 
agrobiodiversity properly over a long period, the drivers of changes in 
agrobiodiversity are very important to know. Therefore, this study was carried 
out to assess the drivers of changes that could help adopt effective measures, 
good practices, and strategies towards the management of agrobiodiversity. 


2. Methodology 


The impact of drivers of change depends on the types and components of 
agrobiodiversity. In this study, agrobiodiversity was divided into 5 components: 
food plant genetic resources (FPGR), forage genetic resources (FGR), animal 
genetic resources (AnGR), aquatic genetic resources (AqGR), and_ insect- 
microbial genetic resources (IMGR) (Joshi et a/, 2020). 
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Food plant genetic resources (FPGR) encompass domesticated and wild 
plant species and varieties that hold direct value for humans. Forage genetic 
resources (FGR) include all plant species used for livestock feeding, while aquatic 
genetic resources (AqGR) comprise edible plant and animal species existing in 
aquatic environments. Animal genetic resources (AnGR) consist of edible animal 
species, and insect-microbial genetic resources (IMGR) encompass beneficial and 
economically significant species of insects and microbes. 

General drivers of change in these components (Table 1) were compiled 
based on existing literature (Chaudhary et a/, 2020; Chaudhary, Uprety and 
Rimal, 2016; FAO, 2019). Specific drivers were identified through authors' 
experiences, literature review, and interactions with key individuals. The list of 
potential specific drivers (Table 1) was shared and discussed with the 
respondents. The effects of these drivers on the six components of 
agrobiodiversity were assessed through focus group discussions and key 
informant surveys conducted in 2018 and 2019. Focus group discussions took 
place in three locations (Palpa, Kathmandu, and Parwanipur), involving over 
200 participants. Additionally, 25 key individuals were interviewed. A survey 
format developed by using Google Forms was also distributed through online 
channels. Noteworthy cases were documented during the focus group 
discussions. For each driver, the trend on agrobiodiversity was assessed during 
the survey as strongly increasing (2), increasing (1), stable (0), decreasing (-1), or 
strongly decreasing (-2). In cases where information was unavailable or 
unknown, it was recorded as "NK" (not known) or "NA" (not applicable). The 
impacts of specific drivers were also evaluated during the survey and 
supplemented with insights from the existing literature. 


3. Findings and Discussion 


All participants reported the loss of landraces in all the studied sites. Key 
informants also shared their experiences regarding the impact of different drivers 
at various sites and time periods. The participants demonstrated a good 
understanding of specific drivers and their role and contribution to 
agrobiodiversity. Any factor that directly or indirectly affects agrobiodiversity in 
a particular area over time and space is referred to as a driver. Drivers can be 
categorized as direct or indirect. Direct drivers, such as the promotion of modern 
varieties, play a significant role in replacing native crop diversity. Conversely, 
efforts are required to minimize the impact of indirect drivers on diversity. For 
instance, climate change is an indirect driver influenced by human activities, 
making it challenging to mitigate its impact on agrobiodiversity. Drivers can be 
further grouped into broad categories and specific drivers (refer to Table 1). 
Analyzing specific drivers within the context of broad category drivers is crucial 
and effective in controlling the negative impact on agrobiodiversity. Drivers can 
also be classified as natural or anthropogenic (refer to Figure 1). Specific drivers 
are listed across three levels of diversity: ecosystem, species, and genetic. 


Table 1: General and specific drivers along with their impact on agrobiodiversity based on the focus group 
discussion and literature review 


SN | General drivers Specitic drivers Some cases/impact 


1. | Advancements Improved and hybrid varieties |e Masuli rice variety had replaced about 60% 
and innovations | and breeds, breeding and of rice landraces in the Tarai region 
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General drivers Specitic drivers Some cases/impact 


in science and 
technology 


Changes in land 
and water use 
and management 


Pollution and 
external inputs 


artificial selection, improved 
technology, extension strategy, 
mechanization, formal seed 
system, widely adopted variety/ 
breed promotion, 
recommendation of single 
variety for larger areas, 
introduction, commercial 
ericulture, protected farming 
The settlement, dam 
construction, road 
construction, hydropower, 
abandonment of land, 
monogentyping, water use in 
non-agriculture, encroachment 


Toxic effects, chemicals, exotic 
seeds and breeds, dust, 
industrial and sewage, solid 
waste, plastic, air pollution 


80% of Tarai goats got adulterated by 
Jamunapari goat 

Murrah buffalo, a single breed occupied 
about 40% of buffalo-rearing households 


Converting land to the city, the road in 
Biratnagar, Lothar, and Kailali resulted in 
the complete loss of wild rice 

About 60% of agricultural land in the 
majority of city areas was converted to other 
business 

100% aquatic diversity lost in some areas 
due to chemical pollution 

100% native diversity of crops, bees, fish, 
and animals lost due to exotic genotypes in 
some areas 


Climate change 


Temperature rise, drought, 
erratic rainfall, change in 
snowfall 


Many tropical crop species are now possible 
to grow In mountain areas 

100% native diversity of some crop species 
lost in some areas due to drought 

Complete crop failure was observed in some 
species in some areas due to high 
temperature 


Natural disasters 


Earthquakes, flooding, 
landslides, pandemic diseases, 
hailstone, cyclones, hurricanes, 
thunderstorms, and lightning 


About 10% of crop diversity was lost due to 
earthquake in 10 districts 

100% farming land along with native 
genetic resources were lost in some localities 


Alternative 
livelihood options 
and information 
flow 


Non-farm business (hotel, 
tourism, job, industry, trade), 
media, traditional knowledge, 
education, non-native language 


80 to 100% of households shifted their 
business from agriculture to non-agriculture 
in some localities 

Only 5% of educated people engaged in 
agriculture 

All households near Yarssagummba growing 
areas prefer to collect this species rather than 
cultivating native crops and breed diversity 


Pests, diseases, 
alien invasive 
species 


Armyworm, blast, late blight, 
foot and mouth disease, bird 
flu, swine flu, citrus decline, 
banana wilt, parthenium, 
lantana camera, Gandi bug 


The population of different bee species was 
reduced by 15% 

80% of soil biodiversity lost in some areas 
90% of native diversity lost due to alien 
invasive species in some areas 


Natural selection 


Different domains for seed 
production and cultivation, 
pollinators, mutation, habitat 
degradation 


About 60% of seeds/ saplings are from other 
than cultivating areas 

Natural selection did not get a chance to 
favor almost all domesticated species 
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General drivers Specitic drivers Some cases/impact 


Over-exploitation | Overexploitation, over- The amount of edible ferns was reduced by 


and 
overharvesting 


harvesting, poaching, grazing 


25% 
Availability of wild edible fruits and 
vegetables was reduced by 40% 


Human-wildlife 
conflict 


Population 
Growth and 
Urbanization 


Crop and livestock-fish 
depredation 


Development activities, human- 
made disturbance, hydropower 
plants, roads, buildings, 
industry, dam, human-made 
sound, lighting in the night, 
vehicle 


Monkeys, wild boars, wild elephants, tigers, 
porcupines, squirrels, and bear affected 
about 10-50% of total agrobiodiversit 
About 60% of native crop diversity lost due 
to Budhi Gandaki hydropower 

50% of farmers depend on an agro-vet for 
their seeds requirement 


Markets and 
trade 


Market demand, value chain, 
access to markets, illegal trade, 
cost of production 


Only about 10% of native products get to 
market 

The majority of the native products are not 
well-processed, labeled, and packed 


Changing 
economic, SOcio- 
political, and 
cultural factors 


Migration 


Changes in food choice, 
preferences, labor shortage, 
migration, land fragmentation, 
political instability, increased 
remittance 


Outmigration, temporary 
migration to the city, shifting to 
city/plain areas, girl migration 
after marriage 


95% of items in farmer’s fields, kitchens, 
research stations, and supermarkets are from 
outside the country 

More than 50% of city dwellers ignore 
native food cultures and prefer exotic 
products 

About 50% of native genetic resources were 
lost due to migration in some areas 

In some location, 50% of agricultural land 
remain barren 


Incentives 


Policies 


Subsidy, training and visit, free 
distribution, cash reward, 
materials rewards 


Commercialization, agriculture 
fair, promotional activities, 
single variety promotion 


The incentive is only for improved variety 
and breed 

Native agrobiodiversity never includes in 
training and education 

Only uniform variety has been entered into 
the formal seed system 

The awarding system is only for improved 
variety and breed 


Multiple factors and actions are driving agrobiodiversity loss in Nepal, 
leading to various impacts. Several cases highlight the impact of drivers on 
agrobiodiversity. For instance, following the introduction of the Masuli rice 
variety in the Tarai region of Nepal in 1973, approximately 60% of rice 
landraces were lost within a decade. Similarly, the introduction of the 
Jamunapari goat in the Tarai region resulted in 80% of Tarai goats being 
crossbred with this exotic breed. Ajaya Chaudhary, a farmer from Rupandehi, 
observed a complete loss of aquatic animals (gogee, sutuahi, native fishes, 
earthworms, etc.) and native weeds due to the use of herbicides and pesticides. 
Heavy machinery for soil preparation, along with chemical fertilizers and 
pesticides, has led to the loss of soil biodiversity, rendering the soil lifeless. 
Construction of an irrigation channel from Chepe River to Rainas in Lamjung 
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district resulted in the loss of two dozen upland rice landraces (Ghaiya) from 
Rainas. Similarly, Palungtar, Gorkha witnessed a 90% loss of native rice 
landraces due to the factors like outmigration, urbanization, and the adoption of 
improved varieties (KH Ghimire, personal communication). Additionally, the use 
of pesticides has led to the scarcity of local mushrooms (Govrechayu, jharichayu, 
kalodungechayu, padkechayu) in many areas of Nepal. 


NATURAL DRIVERS ANTHROPOGENIC DRIVERS 


Land use change Quality pollination services while Current effort of the government favor a 

Deliberate fire for land clearing causing little to no harm to species and variety level research and 

(e.g. shifting cultivation or slash pollinators extension 

and burn farming) Institutions dealing with holistic and 
comprehensive landscape or ecosystem- 
based approach lacking 


Ecosystem level 


Emphasis on production rather than Government research (NARS) largely 
nutrition and diversity biased toward major crops and neglect of 
Undervaluation of agrobiodiversity one crops over the others 


Subsidies and market support for 
cultivated crops 


Species level 


Weakening informal seed system Quality pollination services while CGIAR and NARS (National and 
leading to adoption of HYV causing little to no harm to Agricultural Research Systems) focus on 
Change in preferences of food (e.g. pollinators productivity 

aromatic rice variety) Lack of coordination among institutions 
Change in land ownership dealing with diversity 

Market price, demand and supply 

Market favoring modem varieties 


Variety and gene level 


Figure 1: Different types of drivers over ecosystem, species, and genotype levels. 


As mentioned in table 2, the top five drivers with the most negative impact 
on agrobiodiversity, in order, are: advancements and innovations in science and 
technology, changes in land and water use and management, alternative business 
and information flow, population growth and urbanization, and markets and 
trade. Almost all drivers have a detrimental effect on all five components of 
agrobiodiversity. A study conducted by the Ministry of Agriculture and 
Livestock Development (Joshi et al., 2017b) identified pollution and external 
inputs as an important driver affecting the extent and distribution of associated 
biodiversity in Nepal over the past 10 years. Unplanned and unregulated rural 
roads emerged as a significant threat to agrobiodiversity across all seven 
provinces of Nepal (refer to Table 3). However, the threat of overexploitation of 
plant species was relatively low in Lumbini province compared to other 
provinces. The impacts of different drivers are described below. 
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Table 2: Effect of drivers on components of agrobiodiversity in Nepal 


Climate change 


Driver 


Pollution and external inputs 


Ettect of drivers on agrobiodiversity 


components 


FPGR | FGR 


2 


AnGR | AqGR | IMGR 


Natural disasters 


Natural selection 


Alternative business and information flow 


Pests, diseases, alien invasive species 


Over-ex ploitation and overharvesting 


acne 
Policies 


Code description: Trends are strongly increasing (2), increasing (1), stable (0), decreasing (-1), or strongly 
decreasing (-2), no information available, not known (NK), and not applicable, (NA). FPGR, food plant 
genetic resources; FGR, forage genetic resources; AnGr, animal genetic resources; AqGR, aquatic genetic 
resources; and IMGR, insect-microbial genetic resources. 


Table 3: Threat assessment of agrobiodiversity in different states of Nepal 


Threat 


Loss of agrobiodiversit 
Improper use of pesticides 


Province 


High 


Madesh 


High 


Bagmati 


High 
Very High 


Gandaki 


Lumbini 


Sudur- 


paschim 


Karnali 


High High 


Moderate 


Urbanization 


High 


High 


High 


Moderate 


High 


Lack of incentives to 
conserve local landraces 
Overharvesting of plant 
species 

Climate change 


Moderate 


Moderate 


High 


High 


Moderate 


Moderate 


High 


High High 


High 


Hi 


Moderate 


ig 
ce 


Unplanned and unregulated 
rural roads 
Overexploitation of plant 
species 

Alien Invasive Plant species 


Very High 


High 


Moderate 


Very High 
High 


Moderate 


Very High 


High 


High 
High 


Very 
High 


hone 
Very High 


Moderate 


Moderate | High 


High High 


Loss of local landraces 


Moderate 


Moderate 


High 


High 


Very qe 


Moderate ree 


Loss of wild relatives 
Increased vulnerability to 
pests and diseases 


Moderate 
Moderate 


High 
High 


NA = is not available. Source. MoFE (2018) 


High 
High 


Moderate 


Ver High 


Moderate High 
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3.1 Advancements and Innovations in Science and Technology 


The participants expressed that modern uniform varieties have replaced their 
traditional landraces. Dependency on external stakeholders for inputs has further 
accelerated the loss of genetic diversity and traditional knowledge. The 
commercialization of agriculture promotes monoculture and the use of modern and 
hybrid varieties, which are major contributors to genetic erosion, as they replace 
local and diverse landraces (Shrestha and Shrestha, 1999; Joshi er a/, 2020; 
Chaudhary et a/, 2006). This trend has resulted in a narrow genetic base and 
increased vulnerability among resource-poor farmers, as well as the loss of native 
agrobiodiversity. For example, out of 1,800 indigenous and wild species of rice, 
only one variety is commonly cultivated in the Tarai region (Shrestha and 
Upadhyay, 1999). Several indigenous vegetable varieties are on the brink of 
extinction due to the widespread use of hybrid seeds (Shrestha and Shrestha, 1999). 

The use of hybrid varieties in Nepal since 1995 has shown a significant rise: 
620% in tomato, 123% in cauliflower, 260% in carrot, 447% in brinjal, 146% in 
okra, and 100% in cabbage. A study conducted in six districts representing three 
agroecological domains (Mountain, Hill, and Tarai) indicated the introduction of 
29 varieties of cereals, 10 varieties of legumes, 14 varieties of fruits, and 56 
varieties of vegetables within a span of 20 years. Varietal diversities of indigenous 
vegetables (particularly bitter gourd, snake gourd, broadleaf mustard, pumpkin, 
sponge gourd, and radish) and cereals (rice and finger millet) are at high risk of 
extinction. Many landraces have been reported as endangered in crops such as 
rice, maize, buckwheat, finger millet, legumes, fruits, vegetables, and medicinal 
plants (Sthapit et a/, 2012; Upreti and Ghale, 2000). Similarly, the introduction of 
exotic forage varieties has led to genetic erosion in forage species. Native oat and 
vetch species were previously cultivated by farmers, but with the introduction of 
high-yielding oat and vetch cultivars, the native species have been replaced and 
lost. A similar situation exists with tree fodders. 

In recent years, the adoption of bee foraging practices by commercial bee 
farms, which involve exotic bee species, has positively affected the pollination of 
crops such as rapeseed, mustard, and others in Chitwan, Dang, Surkhet, as well as 
apple in Jumla districts. However, the promotion of exotic bees has led to a 
reduction in the population of native bee species. Similar cases can be observed in 
livestock and fish commercialization. The populations of pure Yak and Nak have 
drastically declined, making Yak a rare animal in the northern Himalayan ranges. 

While certain technologies, such as biotechnology, have a positive effect on 
creating and maintaining diversity in animal and plant genetic resources (AnGR 
and PGR), the indiscriminate introduction of exotic breeding animals and 
varieties has resulted in cross-breeding with local animals and landraces, leading 
to under-utilization of native resources and ultimately their loss. The recent 
expansion of artificial insemination has also shifted attention away from animal 
biodiversity. 


3.2 | Changes in Land and Water Use and Management 

Many participants have shared their own experiences regarding changes in 
land use. They have expressed an interest in converting agricultural land to other 
businesses if it proves to be more suitable and profitable. In peri-urban areas, 


farmers are more profit-oriented, which has led to the gradual replacement of 
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traditional farming systems with commercial vegetable cultivation. As a result, 
the area under traditional crops, as well as their varieties and landraces, has 
decreased. Land fragmentation has also contributed to farmers opting for food 
crops instead of forage, leading to a decline in forage diversity. Furthermore, 
both land and human resources have shifted from agricultural activities to non- 
agricultural businesses. 

The scarcity of water sources significantly drives the utilization of 
agrobiodiversity. The aquatic environment in the mid-hills is primarily affected 
by river damming for hydropower, while in the southern plains, the 
encroachment of wetlands, lakes, and swamps for irrigation purposes is a major 
factor. Continuous deforestation poses a significant threat to forest biodiversity. 
Nepal experienced a 1.4% loss in forest area between 1990 and 2000 (FAO, 
2010). The factors driving the loss of forest habitats and agricultural land 
include encroachment for settlements, expansion of cultivation using exotic 
breeds/varieties, and the development of infrastructure such as schools, hospitals, 
temples, and water storage tanks (DOR, 2010). 


3.3 Pollution and External Inputs 


Participants reached a consensus that pollution of soil, water, and air, 
primarily caused by chemicals, poses a significant risk to numerous genetic 
resources, placing them at the brink of extinction. The use of external inputs, 
including exotic genetic resources, has emerged as a major driver contributing to 
the loss of native genetic diversity. This driver has a particularly pronounced 
impact on crop and _ insect-microbial genetic resources. In Panauti of 
Kavreplanchok, for instance, local farmers have reported a scarcity of native 
bees, which they attribute to the heavy use of pesticides. Furthermore, they 
estimate that approximately 70% of soil biodiversity has been lost as a result of 
these practices. 


3.4 Climate Change 


Climate change is a widely discussed issue, and many participants have 
shared their experiences on this topic. The increasing annual temperatures have 
adversely affected crop growth cycles, resulting in reduced yield and 
productivity. Precipitation plays a crucial role in determining the success of crop 
production (Thomas et a/, 2007; Viglizzo et al, 1997). The existing plant 
varieties in various regions may not be well adapted to the new production 
conditions. Alarming signs of a sharp and sustained decline in food security have 
already emerged in Nepal, such as a significant decrease in winter food crop 
harvests across all regions in 2009. The crop sector has also faced major 
challenges due to outbreaks and spread of minor diseases, pests, and unwanted 
weeds (Chaudhary et a/., 2011; Tiwari et a/, 2010). Farmers have reported the 
extinction of plant species, with the Seti River Valley of the Kaski district 
witnessing a reduction from 77 rice landraces to only 11 (Rijal et a/, 1998). 

Changes in soil, temperature, humidity, sunshine, and water availability 
are altering the ability of certain species, varieties, and breeds to survive in their 
respective environments. Tree lines and species are migrating to higher 
elevations, while species already residing at the highest elevations face the 
challenge of having nowhere else to go. 
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Farmers in the Mustang and Manang districts have experienced improved 
apple sizes and have been able to grow cauliflower, cabbage, chilli, tomato, and 
cucumber due to climate shifts (Dahal, 2005). There have been reports of better 
sizes and tastes of local fruits (Dahal, 2005). Rice cultivation is now possible at 
altitudes up to 2,400 meters in Murza VDC of Myagdi district in Western Nepal 
(Dahal, 2006). The delayed monsoon has disrupted cropping patterns, maturity 
periods, and planting and harvesting times, resulting in thousands of hectares of 
fallow farmland (Regmi and Adhikari, 2007). In 2006, drought in the Eastern 
region of Nepal caused a 30% decrease in rice production, while heavy flooding 
in 2006 and 2008 destroyed crops in several places in Western Nepal (Paudel et 
al, 2006). Farmers have also observed the effects of climate change on 
beekeeping, insect and pest intensity, and other impacts on rain-fed agriculture, 
such as changes in the timing of fruit tree and coffee flowering, decline in local 
grass species, and reduced size of some fodder trees (Regmi et a/, 2009). 
Changes in snowfall patterns, including duration and reduced amounts during 
winter, have also affected vegetation, including crops and animal genetic 
resources. Animals kept under the transhumant migratory system, such as sheep 
and yak, are particularly vulnerable to climate change, resulting in declining 
numbers and increased mortality. 

The emergence of tropical insect pests and diseases at higher altitudes has 
become a common occurrence. For instance, Citrus psylla, whitefly, and 
armyworm are becoming problematic in these areas. Additionally, common 
cockroaches and mosquitoes are now being observed in high hill and 
mountainous regions where they were not previously seen. Outbreaks of snails 
and slugs have also been frequently reported. Abundant populations of 
Lissachatina tulica were found in Biratnagar, Jaleshwor, and Birgunj, and in 
recent years, it has spread to the western limits of the Western Development 
Region of the Terai and extended north across the Siwalik Hills to Makwanpur, 
Chitwan, and Tanahun (Budha and Fred, 2008). 

Long-duration droughts have led to the drying up of ponds and wetlands, 
while heavy rainfall has caused flooding, resulting in the loss of fish and 
sweeping away of pond and wetland waters. Rainfall-induced landslides, 
degradation, and filling of wetlands and lakes have devastating effects on various 
types of biodiversity, including associated biodiversity. According to the 
Millennium Ecosystem Assessment (2005), changing climatic conditions are 
likely to become the leading direct driver of biodiversity loss by the end of this 
century. The Intergovernmental Panel on Climate Change has estimated that a 
temperature increases greater than 1.5 degrees Celsius could put 20-30% of 
species at a higher risk of extinction, with the risk increasing with further 
temperature rise (IPCC, 2007). 


3.5 Natural Disasters 


Participants recounted the devastating earthquake of 2015 and _ its 
profound impact on human survival, as well as the scarcity of genetic resources. 
Natural disasters, such as earthquakes, flooding, and landslides, have had a 
significant impact on agrobiodiversity (Joshi and Gauchan, 2017). The mid-hills, 
which are known for their rich agrobiodiversity, have been among the most 
affected areas by such disasters. The earthquake of 2015 resulted in the loss of a 
large number of livestock and the depletion of native crop diversities, leading to 
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the erosion of soil biodiversity and the disruption of the seed system. According 
to Joshi and Gauchan (2017), approximately 10% of the total local crop 
diversity, based on landraces, was lost in 10 districts of Nepal as a result of the 
devastating earthquake in 2015. 


3.6 Alternative Livelihood Options and Information Flow 


Many farmers have opted to pursue alternative businesses such as hotels, 
jobs, or other entrepreneurial ventures instead of engaging in agricultural 
activities. As a consequence, numerous genetic resources possessed by these 
farmers have lost, and agricultural land has been left barren. The influence of 
advertisements and promotional information also plays a crucial role in 
determining the choice of genotypes for cultivation and other purposes. 


a7 Insect Pests, Diseases, and Alien Invasive Species 


In all studied sites, there have been reports of new pests, diseases, and 
invasive species. This phenomenon is commonly observed in Nepal (Tiwari et 
al, 2010; Chaudhary et a/, 2011). These newly introduced or unintentionally 
introduced insect pests and diseases have had a significant impact on native 
genetic resources. Farmers often face challenges from common problematic pests 
such as aphids, caterpillars, cutworms, blight, A/ternaria spp. of fungus, blast, 
and others, which prompt them to seek alternative solutions. Furthermore, 
emerging and re-emerging animal diseases like foot and mouth disease, 
hemorrhagic septicemia, black quarter in cattle and buffaloes, Peste des petits in 
Ruminants (PPR) in goats and sheep, and bird flu in poultry cause substantial 
damage to livestock diversity. Many native breeds are not typically vaccinated or 
provided with medicines against parasites, leading to reduced productivity. In 
addition, several alien invasive species such as Lantana camara, Mikania 
micrantha, Chromolaena odorata, and Eichhornia crassipes pose a threat to 
native genetic resources in both forested and cultivated areas (Tiwari et a/, 
2010; Chaudhary et a/, 2011). 


3.8 Natural Selection 


Farmers typically do not practice seed selection for future plantations but 
instead rely on purchasing seeds each year from commercial farms and shops. 
This practice suggests that natural selection does not play a significant role in the 
selection of seeds for the next planting season. In the field of agriculture, 
particularly in breeding programs, nature's influence in selecting genetic 
resources is almost non-existent. The selection made by farmers and breeders 
may not always result in successful outcomes in the subsequent season's 
planting. It is common for seeds to be produced in locations other than the 
actual production sites, which can lead to genotypes experiencing complete 
failure in their performance due to environmental shocks or mismatches. 


3.9 Overexploitation, Overgrazing, and Overharvesting 


The overexploitation of high-value species has emerged as a significant 
threat to their survival in their natural habitats. The excessive commercial 
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harvesting of medicinal plants, both legally and illegally, poses a direct danger to 
high-value species such as yarchagumba (OphAiocordyceps sinensis), jatamasi 
(Valeriana jatamansi), sarpagandha (Rauvoltia serpentina), and many others. 
Uncontrolled forest fires present a serious hazard, particularly in the Siwalik 
region and high-altitude areas. Many of these fires are intentionally set by local 
communities to clear land for agriculture or to promote the early growth of grass 
for livestock grazing. Recurrent forest fires cause significant damage, hindering 
the regeneration and growth of seedlings, destroying non-timber forest products, 
harming ground flora and fauna, and inhibiting the development of understory 
vegetation. This ultimately leads to the transformation of forests into open areas 
with relatively low biodiversity. Overgrazing in forests has had detrimental 
effects on seedling regeneration and growth, resulting in forest degradation in 
various locations. Additionally, the over-harvesting of many wild foods such as 
bamboo shoots (Tusa), ferns (Niuro/Daunde), certain medicinal plants, and wild 
animals has put them at risk of extinction. 


3.10 Human-Wildlife Conflict 


Due to the persistent issue of wildlife disturbances, such as monkeys, 
boars, and wild elephants, many farmers have been compelled to make changes 
either in the choice of agricultural species or in their agri-businesses altogether. 
The presence of wildlife poses a significant threat as they often destroy crop 
fields and consume or damage planted seeds. In order to mitigate these 
challenges and minimize losses, farmers have resorted to altering their 
agricultural practices or exploring alternative income-generating activities. The 
need to protect crops from wildlife encroachment has driven farmers to adapt 
and seek solutions that are more compatible with the local wildlife dynamics. 


3.11 Population Growth and Urbanization 


The farmers who participated in the study appeared to be less informed 
about one particular driver of biodiversity loss. However, based on the available 
literature and insights from key informants, it is evident that increased 
population pressure, widespread poverty, and environmental degradation are the 
major severe threats to flora and fauna diversity in Nepal (Upreti, 2000; 
Yonzon, 2000). The population growth rate is estimated at 0.61% per year, with 
a corresponding growth rate of 2.3% per year for principal agriculture 
production. The combination of small landholdings and mounting population 
pressure has resulted in challenges in maintaining existing agrobiodiversity. 

Unplanned rapid urbanization, the absence of appropriate land use 
policies, and weak institutional arrangements have placed enormous pressure on 
land resources, leading to the loss of agrobiodiversity. The rapid migration from 
rural to urban areas is posing significant socio-economic and conservation- 
related threats (NPC, 1998). In the Tarai region, such as Chitwan, Banke, and 
Kanchanpur, the loss of agrobiodiversity is attributable to swift urbanization, 
the expansion of feeder roads, construction of buildings and industrial facilities 
(Upreti and Upreti, 2002). Additionally, wetland sites, which are important 
habitats for indigenous crop species, are degrading and being lost due to 
encroachment, conversion into rice fields, fish ponds, extended settlements, and 
sedimentation (Siwakoti and Tiwari, 2007). 
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The changes in demand for livestock products, driven by population 
growth, urbanization, and higher income, have also had an impact on the 
diversity of livestock, poultry, and fish species. Urbanization and 
industrialization have further contributed to the reduction of grazing lands, 
negatively affecting animal genetic resources (AnGR) and forage diversity. 


3.12 Markets and Trade 


Market access and options play a crucial role in ensuring the sustainability 
of native genetic resources in agricultural production. The promotion of 
supermarkets and the availability of frozen food items have become an emerging 
trend, with a significant portion of the market consisting of imported goods, 
often overlooking local products. This can undermine the demand for and 
market opportunities of indigenous agricultural products. 

However, on a smaller scale, certain native agricultural products hold high 
market value, leading to the continued cultivation of specific landraces, breeds, 
or strains. These products enjoy a niche market and are often sought after due to 
their unique characteristics or cultural significance. Examples of such native 
products that are exported include yak cheese, chyangra meat, large cardamom, 
Jumli bean, Jumli marshi (a type of rice), wool, and pashmina. The export value 
of these products incentivizes their continued production and contributes to their 
conservation. 

In this way, the market plays a dual role, both posing challenges to local 
products through the dominance of imported goods but also providing 
opportunities for the conservation and preservation of native genetic resources 
when there is a high market demand and value for specific indigenous products. 


3.13 Economic, Socio-Political, and Cultural Factors 


The participants in the study acknowledged that as household economies 
improve, there is a tendency for individuals to move away from agriculture. 
Engaging in other non-agricultural businesses or occupations is often associated 
with higher social status. These values and reputations attached to non- 
agribusiness pursuits have significantly contributed to the loss of 
agrobiodiversity. Socio-cultural diversity, including food cultures and dietary 
habits, is closely intertwined with agrobiodiversity. 

In many cases, women play a crucial role in determining the continued 
growth and preservation of genetic resources. Women are primarily responsible 
for growing local crops, managing wild relative plants, and maintaining their 
cultivation (Howard, 2003). However, changing socio-cultural dynamics and 
shifting dietary patterns in rural communities have led to the erosion of 
traditional food habits. The easy availability and appeal of fast foods with 
different tastes have influenced dietary choices. As a result, there has been a 
decline in women's knowledge of processing, preparation, and storage 
techniques associated with traditional foods. This erosion of knowledge, along 
with changing dietary habits, has had adverse effects on genetic diversity, family 
food security, and overall health. 

It is important to recognize the role of women in agricultural practices and 
the preservation of agrobiodiversity. Empowering women and promoting their 
active participation and leadership in decision-making processes related to 
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agriculture and food systems can contribute to the conservation and promotion 
of genetic resources, food security, and sustainable agricultural practices. 


3.14 Migration 


Land abandonment in the studied sites is a growing concern, primarily 
driven by migration and labor shortage. This trend has had a direct impact on 
the gradual decline of local genetic resources. For instance, in the Panchase 
region (Kaski, Parbat, and Syngja districts), approximately 20-25% of cultivable 
land has been left uncultivated due to the migration of entire households to 
urban areas. In Samibhanjyang, Lamjung, around 50% of farming households 
have migrated to urban and plain areas, resulting in 50% of the land being left 
barren. This pattern of migration has led to the loss of almost 80% of traditional 
agricultural genetic resources in the area. 

Agriculture in Nepal is undergoing a process of feminization due to male 
outmigration. This shift in gender dynamics in agriculture, along with the 
increased flow of remittances, has had implications for agrobiodiversity. The 
rising rate of outmigration is a significant driver of change in women's roles in 
agriculture and the management of agrobiodiversity (Desai and Banerji, 2008; 
Maharjan, Bauer and Knerr, 2012). The shortage of labor, combined with the 
availability of remittance money and cheap substitutes in the market, has led to 
the abandonment of local crops such as Ghaiya rice and Kauno (Bhattari, Beilin 
and Ford, 2015). The labor-intensive nature of processing Kauno, in particular, 
has added to the drudgery experienced by women, further contributing to its 
abandonment. 

Addressing the challenges of land abandonment, labor shortage, and 
gender dynamics in agriculture is crucial for the conservation and preservation of 
agrobiodiversity. Creating supportive policies, providing access to resources and 
technologies, and empowering women in agricultural decision-making can help 
mitigate these threats and ensure the sustainable management of genetic 
resources. 


3.15 Incentives 


Farmers were initially unaware of the incentives associated with their own 
genetic resources. Consequently, they were persuaded to adopt modern varieties 
through the provision of incentives. Both monetary and non-monetary rewards 
are exclusively applicable to released, registered, and improved uniform varieties 
and breeds. However, this system promotes uniformity and a single genotype 
across large areas, leading to the displacement of localized genetic diversity. 


3.16 Policies 


Farmers were initially unaware of the policies regarding the management 
of agrobiodiversity, leading to a lack of attention towards its conservation in 
current policies. Native traditional crop landraces and livestock breeds have been 
significantly affected due to inadequate policy measures, strategies, and 
institutional support for farmers, as well as poor seed maintenance and exchange 
practices. In Nepal, the Seed Act 2045 (1988) fails to prioritize the informal 
"farmers-to-farmers" and non-formal seed management system, which has long 
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been in existence (Timsina, 2000) and accounts for over 90% of the seed flow 
(Joshi et af, 2020). The country's agricultural policy leans more towards 
monoculture and promotes improved varieties and breeds/strains to enhance 
production and productivity, contradicting conservation policies and neglecting 
the preservation and utilization of on-farm genetic diversity. Numerous 
indigenous crop and livestock diversities are disappearing, yet the existing 
regulatory framework is ineffective in protecting the loss of valuable 
agrobiodiversity (Joshi et af, 2020; Upreti and Upreti, 2002). 

The expansion of tourism areas, particularly in regions abundant in 
agrobiodiversity, has accelerated the loss of biodiversity (Shrestha and Shrestha, 
1999; Yonzon, 2000). National policies, strategies, and action plans do not fully 
incorporate the provisions of the Convention on Biological Diversity (CBD) and 
the International Treaty on Plant Genetic Resources for Food and Agriculture 
(ITPGRFA). Nepal's membership in the World Trade Organization (WTO) 
limits the effective implementation of CBD (Chaudhary, 1999) as the provisions 
of the Agreement on Trade-Related Aspects of Intellectual Property Rights 
(TRIPS) conflict with the biodiversity conservation goals outlined in the CBD 
(Adhikari, Belbase, and Ghale, 2000). 


4. Conclusion 


More than 90 specific drivers have been identified as having a negative 
impact on agrobiodiversity. The effects of these drivers vary over time and across 
different locations. Among the components of agrobiodiversity, crop biodiversity 
is particularly affected due to the introduction of exotic varieties. Understanding 
these drivers is crucial for effectively planning and mitigating their adverse 
effects on agrobiodiversity. Various good practices have been implemented to 
ensure the availability of agrobiodiversity. These practices include the 
development of site-specific polymorphic varieties, evolutionary populations, 
cultivar mixtures, agro gene sanctuaries, provision of incentives, market 
guarantees for native genetic resources, geographical indication tags, community 
gene banks, school field gene banks, agro-insect field gene banks, dedicated 
structures, and land areas for conservation, among others. It is essential to 
urgently develop strategies and action plans in the country to minimize the 
negative impact of these drivers on agrobiodiversity. The aforementioned good 
practices should be widely and extensively implemented throughout the country 
to safeguard existing genetic diversity for long-term availability. 
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